We reported on the design, demonstration, and analysis of white lighting systems based on GaN laser diodes. Compared to light-emitting-diodes (LEDs), lasers have been proposed for the development of high-power light sources for many potential advantages, including circumventing efficiency droop, reduced light emitting surface, directional beam characteristics. Laser-based white light sources are also attractive for visible light communication (VLC) applications that enabling lighting and communication dual functionalities. In this work, we detailed the color-rendering index (CRI), correlated color temperature (CCT), and luminous flux analysis of laser white light sources by using the GaN laser diode exciting color converters at various driving conditions. By using a blue-emitting laser exciting a yellow YAG phosphor crystal, a luminous flux greater than 600 lm has been achieved with a moderate CRI of 67.2. By constructing a white lighting system using phosphor crystal array based on a reflection configuration, an improved CRI of 74.4 and a luminous flux of ~400 lm with a CCT of 6425 K was obtained at 3A. Using a novel ceramic phosphor plate as color converter, the CRI for the white light source has been further improved to ~ 84.1 with a CCT of ~ 4981 K, which suggests that the laser-based white light source is capable of high-quality illumination applications. The CCT of the white laser sources can be engineered from 5000 K to 6500 K and a potential approach to use laser array for high power white lighting is discussed.
INTRODUCTION
Solid-state lighting (SSL) technology uses semiconductor light emitters, such as light emitting diodes (LEDs), offering a versatile and energy-efficient light source with high color stability and growing lumen efficacy [1] [2] [3] . White LED bulbs based on GaN LEDs have been successfully commercialized with the potential to be the dominant standard for general lighting since the cost of LED chips drops in the past decade [4] [5] [6] . Eventually, LEDs will likely take over many if not all indoor and outdoor lighting. Besides, LEDs are used for backlighting, display, and visible light communications. Recently, GaN-based laser diode (LD) has attracted increasing attention for enabling novel white light sources [7] . One of the critical driving forces is the potential to build compact, high intensity light bulb using lasers as LDs are not associated with "efficiency droop" effect. In LEDs, a significant drop in external quantum efficiency (EQE) is observed as operating current increases, which is known as "efficiency droop" [8, 9] . Since the carrier clamping in the cavity after threshold point of lasing [10] , the EQE of LDs linearly increases with increasing operating current [11] . In addition, laser based white light source has many other potential advantages such as minimized light emitting surface, directional beam characteristics, and ultra-fast operation speed, making it promising for future smart lighting applications.
In 2013 and 2014, Wierer et al. and Tsao presented a detailed discussion and review on the advantage and potential of laser-based SSL. Since then, the utilization of laser for white light generation for various applications has been reported. For example, laser based solid-state light source for etendue-limited applications [12] , automotive lighting applications [13] , indoor lighting and communication (Li-Fi) [14] have been discussed. In particular, since GaN-based LDs have much higher modulation bandwidth than LEDs, LDs are becoming attractive to serve as the light emitter and signal transmitter in visible light communication systems [15] [16] [17] [18] [19] [20] . More recently, LD based white light sources have been used for underwater lighting and wireless data communication [21] . Therefore, the study of high-intensity laser-based white lighting systems becomes an important topic for many emerging applications. 
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